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ABSTRACT 
The purpose of  t h i s  r e p o r t  is t o  provide t h e  r e s u l t s  of  r e s e a r c h  e v s l u a t i n g  a new method of  a i r  c o n d i t i o n i n g  
charging and t h e  e f f e c t s  of  improper charging.  The method is  t h e  v i s u a l  accumulator-charger  dev ice .  The r e p o r t  
i d e n t i E i e s  seven p r e s e n t l y  known charg ing  techniques  and compares them t o  t h e  method t e s t e d ,  a s  we11 a s  i ts  accu- 
racy  of charging.  
A research  on improper charging compared t o  t h e  e f f i c i e n c y  changes a s  a  r e s u l t  of overcharge  and undercharge 
condi t ions  is t h e  second p a r t  of  t h e  r e p o r t .  
The v i s u a l  accumulator-charger d e v i c e  proved t o  be a p r a c t i c a l  f i e l d  charg ing  technique  f o r  a i r  c o n d i t i o n i n g  
systems and demonstrated an accuracy over  a  temperature range of 70°F t o  l.OO°F. 
It was a l s o  demonstrated t h a t  t h e  improperly charged u n i t  was dramat:ically a f f e c t e d .  
PURPOSE 
The purpose of  t h i s  r e p o r t  is t o  p rov ide  t h e  re -  
s u l t s  o f  r e s e a r c h  e v a l u a t i n g  a  new method of a i r  con- 
d i t i o n i n g  charg ing  and t h e  e f f e c t s  of  improper charging.  
This  new charging method is  der ived  from a v i s u a l  
accumulator-charger dev ice  t o  be used i n  con junc t ion  
with a  high e f f i c i e n c y  condensing u n i t  and a  new o r  
e x i s t i n g  evapora tor  c o i l  wi th  c a p i l l a r y  tube  o r  f ixed-  
o r i f i c e  meter ing.  T e s t i n g  was conducted t o  determine 
t h e  e f f e c t  of t h e  dev ice  on t h e  e a s e  of proper  and 
a c c u r a t e  charging,  m a i n t a i n a b i l i t y  of  system e f f i c i e n c y ,  
t h e  p r o t e c t i o n  from floodback, and t h e  e f f e c t  of  over- 
charging and undercharging. 
SCOPE AND LIMITATION 
-- 
T h i s  r e p o r t  on t h e  v i s u a l  accumulator-charger 
dev ice  is  l i m i t e d  t o  t h e  e f f e c t s  oE proper  charg ing ,  
e a s e  of charg ing ,  p r o t e c t i o n  from f looding ,  and main- 
t a i n a b i l i t y  of e f f i c i e n c y  on a  high e f f i c i e n c y  condens- 
i n g  u n i t  w i t h  a  mismatched evapora tor  c o i l  having a  
c a p i l l a r y  meter ing device.  T h i s  s tudy  does no t  a d d r e s s  
t h e  e f f e c t s  of t h e  d e v i c e  v e r s u s  thermal  expansion 
va lve  meter ing d e v i c e s ,  nor  does i t  compare t h e  opera t -  
i n g  e E f i c i e n c i e s  of  a  c a p i l l a r y  tube system a s  opposed 
t o  a  thermal expansion v a l v e  system. These a r e  planned 
f o r  f u t u r e  s t u d i e s .  This  r e p o r t  a l s o  does not  address  
t h e  e f f e c t s  of poorly maintained and d i r t y  equipment 
an system opera t ion .  This  w i l l  be addressed i n  n 
s e p a r a t e  r e p o r t .  
INTRODUCTION 
"Accural:e, s a f e ,  and q u i c k  charg ing  of  s p l i t  
system a i r  c o n d i t i o n i n g  and r e f r i g e r a t i o n  equipment 
u t i l i z i n g  c a p i l l a r y  tube  o r  o t h e r  f i x e d - o r i f i c e  meter- 
i n g  d e v i c e s  a t  o t h e r  than  optimum c o n d i t i o n s  h a s  long  
been a  seriouri problem. With t h e  advent  of  h igh  e f -  
f i c i e n c y  coo1:lng equipment t h i s  problem h a s  become 
even more d i f I i c u l t .  High e f f i c i e n c y  equipment has  
a l s o  i n c r e a s e d  t h e  problem o f  r e f r i g e r a n t  f loodback 
and s lugging ,"  The foregoing  s t a t e m e n t s  were made by 
Mr. Richard J ,  Avery, Jr.. t h e  i n v e n t o r  of a  v i s u a l  
accumulator-charger d e v i c e  h e  c a l l s  t h e  Accu-Charger. 
A r e c u r r i n g  theme i n  any number of  p u b l i c a t i o n s ,  
whether i t  be  manufac ture rs '  s e r v i c e  b u l l e t i n s ,  t r a d e  
j o u r n a l  a r t i c l e s ,  o r  a p p l i c a t i o n  e n g i n e e r i n g  b u l l e t i n s ,  
i s  t h e  f a c t  t h a t  r e f r i g e r a n t  overcharge ,  through t h e  
e f f e c t  of  f l o ~ d b a c k  and s lugging .  is  a major con t r ibu-  
t o r  t o  premature compressor  f a i l u r e .  The Eollowing 
s t a t e m e n t s  a r e  from t h e  Copeland A p p l i c a t i o n  Engineer- 
i n g  B u l l e t i n  e n t i t l e d  "Liquid R e f r i g e r a n t  Cont ro l  i n  
R e f r i g e r a t i o n  and A i r  Condi t ion ing  Systems": 
"One of t h e  major causes  of  compressor f a i l u r e  
is  damage caused by l i q u i d  r e f r i g e r a n t  e n t e r i n g  t h e  
compressor c rankcase  i n  e x c e s s i v e  q u a n t i t i e s .  
"Regardless  of d e s i g n  t h e r e  a r e  l i m i t s  t o  t h e  
amount of  l i q u i d  a  compressor can  handle .  
"The p o t e n t i a l  hazard i n c r e a s e s  w i t h  t h e  s i z e  of 
t h e  r e f r i g e r a n t  charge  and u s u a l l y  t h e  cause  of damage 
can be t r a c e d  t o  one o r  n o r e  o f  t h e  fol lowing:  
1. Excessive r e f r i g e r a n t  charge 
2. F ros ted  evapora tor  
3. D i r t y  o r  plugged evapora tor  f i l t e r s  
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F a i l u r e  of evapora tor  fan  o r  f a n  motor 
I n c o r r e c t  c a p i l l a r y  tubes  
I n c o r r e c t  s e l e c t i o n  o r  adjustment  of  expansion 
va lve  
R e f r i g e r a n t  migra t ion  
" I f  an expansion v a l v e  should malfunct ion,  o r  i n  
t h e  even t  of an evapora tor  f a n  f a i l u r e  o r  clogged a i r  
f i l t e t s .  l i q u i d  r e f r i g e r a n t  may f lood  through t h e  suc- 
t i o n  l i n e  t o  t h e  compressor a s  l i q u i d  r a t h e r  than  
vapor (1). " 
Equal i n  importance t o  t h e  adverse  e f f e c t s  of  
r e i r i g e r a n t  overcharge on compressor l i f e  i s  t h e  e f f e c t  
of r e f r i g e r a n t  overcharge o r  undercharge on t h e  opera t -  
ing  e f f i c i e n c y  and economy of a  s p l i t  system a i r  con- 
d i t i o n e r .  An undercharge system w i l l  cause  a  l o s s  i n  
c a p a c i t y  wi th  t h e  a d d i t i o n  of a  d i s p r o p o r t i o n a t e  re -  
duc t ion  i n  EEK. An overcharged system w i l l  cause  a  
s l i g h t  i n c r e a s e  i n  system c a p a c i t y  over  t h e  nominal,  
but a t  a h igher  c o s t  i n  terms o f  e l e c t r i c a l  demand 
(kW). I n  a d d i t i o n .  reduced equipment l i f e  expectancy 
i s  a  d i r e c t  r e s u l t  of r e f r i g e r a n t  overcharge o r  under- 
charge. 
PRESENT CHARGING TECHNIQUES 
- 
To f u l l y  understand and a p p r e c i a t e  t h e  concept  
of "proper" s p l i t  system charg ing ,  a  review of  f i e l d -  
encountered v a r i a b l e s  i s  necessary.  These v a r i a b l e s  
can be broken down i n t o  a t  l e a s t  f o u r  major c a t e g o r i e s :  
1. The wide range of  manufacturing d e s i g n  and perform- 
ance 
2 .  The broad range o f  ambient working c o n d i t i o n s  
3. Genera l ly  recognized charg ing  techniques  
4 .  Maintenance-oriented charg ing  c o n d i t i o n s  
To a p p r e c i a t e  t h e  s i g n i f i c a n c e  of t h e  f i r s t  
category.  c o n s i d e r  t h e  48 manufac ture rs  l i s t e d  under 
t h e  C e r t i f i e d  Uni ta ry  Air-Condit ioner  Equipment S e c t i o n  
i n  t h e  c u r r e n t  ARI D i r e c t o r y ( 2 ) .  Now m u l t i p l y  t h e  names 
by t h e  number of u n i t  types  l i s t e d  f o r  each manufacturer  
and aga in  by t h e  number of y e a r s  t h e  manufacturer  h a s  
been i n  bus iness .  To be ready t o  s e r v i c e  a l l  t h e s e  
u n i t s  j u s t  t h i n k  about  how many charg ing  c h a r t s  would 
be needed. This  a l s o  g i v e s  an i n d i c a t i o n  of  how many 
d i f f e r e n t  des ign  ph i losophies  and charg ing  techniques  
t h a t  t h e  serviceman h a s  t o  understand.  
Another v a r i a b l e  t o  c o n s i d e r  i s  t h e  wide range 
oE ambient outdoor and indoor t empera tures  experienced 
dur ing  t h e  charg ing  process .  Depending upon l o c a t i o n  
and t h e  t i m e  of  y e a r ,  a  normal summer temperature 
range of  70° t o  105OF can be encountered.  I n  a d d i t i o n .  
t h e  wet bulb temperature,  both indoors  and ou tdoors ,  
can have an e f f e c t  on t h e  charg ing  accuracy.  
Another v a r i a b l e ,  and probably t h e  most deba ted ,  
i s  t h a t  of "proper" charg ing  techniques.  A survey  of  
t h e  
1. 
most recognized techniques  would inc lude :  
Weighing - i n  t h e  charge  - Perhaps t h e  most a c c u r a t e  
method, provided t h a t  a  manufac ture r ' s  c h a r t  o r  
t a b l e  is  a v a i l a b l e .  The technique  i s  g e n e r a l l y  
used on window u n i t s  and r e f r i g e r a t o r - f r e e z e r s  
where t h e  t o t a l  r e f r i g e r a n t  charge volume i s  
r e l a t i v e l y  small .  Once t h e  system is  evacuated,  
t h e  e x a c t  amount of  r e f r i g e r a n t  can be  added. 
On s p l i t  system a p p l i c a t i o n s ,  excep t  some h e a t  
rge method is  n o t  commonly 
I£  r e f r i g e r a n t  a l r e a d y  i n  
7s known. n e c e s s i t a t i n g  
e x i s t i n g  charge t o  a s s u r e  
c ambients would r e q u i r e  a  
v t r a  time and pa t ience .  
z t i c a l i t y  and expense,  t h i s  
r nameplate amps - T h i s  
method is not  a c c e p t a b l e  t o  most equipment mnnu- 
f a c t u r e r s .  The f u l l  load o r  nameplate .imp r l r i n z  
f o r  a  g iven  s i z e  compressor is  based on tb  m3-ci-  
mum d e s i g n  o p e r a t i n g  p r e s s u r e s  wi th  a  b u j l t - i n  
s a f e t y  f a c t o r  t o  a l l o w  f o r  maximum a l lowable  cur-  
r e n t  p e r  A r t i c l e  430 of t h e  N a t i o n a l  E l e c t r L c d  
~ o d e ( 3 ) .  To charge a system n t  ou tdoor  ambit.nts 1 ~ 3 s ~  
than t h e  most extreme c o n d i t i o n s  ( a p p r o x i m ~ t e l y  
1 0 5 " ~  o r  h i g h e r )  would e a s i l y  r e s u l t  i n  a  ; ross  
overcharge .  
"Feel  t h e  l i n e s "  o r  s u c t i o n  l i n e  sweatback - A 
recognized method t h a t  can be used w i t h  a  moderate 
degree  of  accuracy  under  v e r y  c a r e f u l l y  c o n t r o l l e d  
ambient c o n d i t i o n s  such a s  t h o s e  experienced when 
charg ing  room a i r  c o n d i t i o n e r s  o r  r e f r i g e r t t o r -  
f r e e z e r s .  I t  s t i l l  r e q u i r e s  bo th  p a t i e n c e  and 
exper ience .  When t h i s  t echnique  i s  a p p l i e d  t o  
s p l i t  c e n t r a l  a i r  c o n d i t i o n i n g  sys tems ,  t h e  ac- 
curacy  dwindles .  F i r s t ,  t h e  e f f e c t  o f  ou tdoor  
w e t  b u l b  tempera ture  v a r i a t i o n s  must be taken 
i n t o  c o n s i d e r a t i o n .  Second, w i t h  t h e  incrrbased 
usage of  h i g h  e f f i c i e n c y  systems,  t h e  r a t i n  of  
s u c t i o n  p r e s s u r e  t o  head p r e s s u r e  h a s  now .;:anged 
and v a r i e s  from one manufacturer  t o  ano ther .  
High and low s i d e  gauges - T h i s  method i s  v e r y  
u s e f u l  a s  a  d i a g n o s t i c  s e r v i c e  t o o l  and is com- 
monly used f o r  charg ing  purposes a s  w e l l .  It  i s  
v e r y  dependent  upon t h e  exper ience  l e v e l  of  t h e  
serviceman and h i s  a b i l i t y  t o  i n t e r p r e t  c o r r e c t l y  
under a wide v a r i e t y  o f  c i rcumstances .  Condi t ions  
such a s  ou tdoor  ambient ,  t h e  e f f i c i e n c y  r a t i n g  of 
t h e  system (de te rmines  s u c t i o n  t o  head p r e s q u r e  
r a t i o ) ,  and t h e  exper ience  l e v e l  oT t h e  i n d i v i d u a l  
can  a f f e c t  t h e  accuracy  of t h e  charg ing  procedure. 
I n  a d d i t i o n ,  t h e  t ime element must be  consi t lcred 
when u s i n g  low s i d e  vapor charg ing  s i n c e  mild 
ambients  c a u s e  lower p r e s s u r e  i n  r e f r i g e r a n t  
c y l i n d e r s .  
Manufacturers '  c h a r t s  and t a b l e s  w i t h  h igh  and low 
s i d e  gauges - A v e r y  a c c u r a t e  method i f  t h e  source  
of in format ion  is  a v a i l a b l e  and kep t  up t o  d a t e .  
The d e g r e e  o f  accuracy  can vary  depending upon t h e  
recommended charg ing  technique  of  a  s p e c i f i c  manu- 
f a c t u r e r .  Variance i n  u n i t  s i z e  can a l s o  a f f e c t  
accuracy.  The e x p e r i e n c e  l e v e l  a g a i n  comes i n t o  
p lay .  bo th  from t h e  s t a n d p o i n t  of  i n t e r p r e t i n g  
gauge r e a d i n g s ,  a s  w e l l  a s  t h e  t ime f a c t o r  re- 
q u i r e d  t o  o b t a i n  a  r e p r e s e n t a t i v e  sample o f  manu- 
f a c t u r e r ' s  d a t a .  
Superheat  charg ing  - T h i s  h a s  long  been recognized 
a s  be ing  one of t h e  most a c c u r a t e  f i e l d  charg ing  
techniques .  It r e q u i r e s  a  thorough knowledge o f  
t h e  r e f r i g e r a t i o n  c y c l e  and,  i n  p r a c t i c e ,  a  g r e a t  
d e a l  of  p a t i e n c e  s i n c e  system s t a b i l i t y  i s  c r i t i -  
c a l  f o r  optimum accuracy .  The serviceman's  ex- 
p e r i e n c e  l e v e l  is a g a i n  impor tan t  s i n c e  compensa- 
t i o n  f o r  s u c t i o n  l i n e  p r e s s u r e  d rop ,  outdoor am- 
b i e n t  t empera ture ,  and indoor  e n t e r i n g  a i r  con- 
d i t i o n s  must be  taken  i n t o  c o n s i d e r a t i o n .  
NOTE: A b r i e f  d e s c r i p t i o n  of t h e  term superhea t  i s  
n e c e s s a r y  t o  understand how i t  a p p l i e s  t o  a i r  condi- 
t i o n i n g ,  bo th  i n  terms o f  p roper  system d e s i g n  as w e l l  
a s  p roper  charg ing .  Superheat  i s  def ined  a s  t h e  amount 
of h e a t  energy ( s e n s i b l e )  t h a t  a vapor can absorb  
beyond i t s  s a t u r a t i o n  o r  change-of-s tate  temperature.  
I n  t h e  d e s i g n  of c a p i l l a r y  tube  o r  f i x e d - o r i f i c e  evap- 
o r a t o r s ,  a  compromise v a l u e  of  10-15°F superhea t  a t  
ARI d e s i g n  r a t i n g  c o n d i t i o n s  (95OF outdoor  08, 80°F 
DB167"F WB indoor )  i s  g e n e r a l l y  a c c e p t a b l e  depending 
upon t h e  manufac ture r ' s  des ign  s p e c i f i c a t i o n s .  TJess 
t h a n  t h i s  cou ld  r e s u l t  i n  a  r e f r i g e r a n t  f loodback 
s i t u a t i o n .  More than t h i s  can cause  premature com- 
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p r e s s o r  motor winding f a i l u r e  due t o  h e a t  because  t h e  
r e t u r n  s u c t i o n  gas  i s  t h e  pr imary means of  c o o l i n g  
most compressor  motor windings.  
The a c t u a l  p r o c e s s  of  measuring and a d j u s t i n g  
superhea t  i n  a  s p l i t  system a i r  c o n d i t i o n e r  i n v o l v e s :  
A. A t tach ing  a  thermometer ( e l e c t r o n i c  t y p e s  a r e  t h e  
b e s t )  t o  t h e  s u c t i o n  l i n e  as c l o s e  as p o s s i b l e  
t o  t h e  compressor.  
B. A t tach  t h e  low s i d e  o r  compound gauge t o  t h e  
s u c t i o n  s e r v i c e  p o r t .  
C. A f t e r  a l l o w i n g  t h e  system t o  s t a b i l i z e  approx i -  
mately  12-15 minu tes ,  r ead  t h e  s u c t i o n  l i n e  
temperature .  Next s u b t r a c t  t h e  s a t u r a t e d  suc- 
t i o n  t empera tu re  ( t e m p e r a t u r e  cor respond ing  t o  
a c t u a l  s u c t i o n  p r e s s u r e )  from t h e  s u c t i o n  l i n e  
t empera tu re .  The r e s u l t a n t  d i f f e r e n c e  is  super -  
h e a t .  
D. C o r r e c t  t h e  s u p e r h e a t  t empera tu re  f o r  l i n e  l o s s  
and ou tdoor  ambient .  
Proper  sys tem s u p e r h e a t  is  c r i t i c a l  from bo th  
t h e  charg ing  and t h e  o p e r a t i n g  s t a n d p o i n t .  
7. The Doppler Charging Technique - A r e l a t i v e l y  new 
method f o r  c h a r g i n g  w i t h  u l t r a s o n i c  s e n s o r s  
u t i l i z i n g  t h e  Doppler e f f e c t .  The a b i l i t y  t o  
"sense" t h e  r e f r i g e r a n t  i n  t h e  system c o n t r i b u t e s  
g r e a t l y  t o  t h e  accuracy  o f  t h e  charge .  It shou ld  
be  noted t h a t  t h e  e x p e r i e n c e  l e v e l  o f  t h e  s e r v i c e -  
man is impor tan t  s i n c e  accuracy  r e q u i r e s  t h e  
c o r r e c t  i n t e r n r e t a r i o n  of  t h e  aud io  s l e n a l s .  - - - - - - - -. . - - - - - - - - - - . . - - - . . - - - - - - - - 
- 
8 .  V i s u a l  Accumulator-Charger d e v i c e  - A r e c e n t  
development t h a t  a l l o w s  a  serviceman,  r e g a r d l e s s  
o f  h i s  l e v e l  of  exper ience .  to charge  a  sys tem 
t o  minimum s a f e  s u p e r h e a t .  I n c o r p o r a t e d  i n  t h e  
d e s i g n  o f  t h e  d e v i c e  (See F i g u r e  1 )  a r e  a meter- 
i n g  o r i f i c e  and a n  a s p i r a t o r  which a l l o w s  l i q u i d  
r e f r i g e r a n t  charg ing  on t h e  low s i d e .  Th i s  
a l l o w s  t i m e  s a v i n g .  I n  a d d i t i o n ,  a b u i l t - i n  
s i g h t  g l a s s .  i n  c o n j u n c t i o n  w i t h  a  thermometer 
w e l l ,  p e r m i t s  a c c u r a t e  charg ing  over  a  wide 
range  of  ambient c o n d i t i o n s  bo th  i n d o o r s  and 
ou tdoars .  N e i t h e r  t h e  s i z e  of  t h e  u n i t  n o r  
t h e  v a r i a t i o n  i n  c h a r g i n g  s p e c i f i c a t i o n s  from 
one manufac tu re r  t o  a n o t h e r  h a s  any e f f e c t  on 
t h e  a b i l i t y  o f  t h e  d e v i c e  t o  e n s u r e  a n  optimum 
and p roper  charge  every  t ime.  
L a s t  i n  t h e  l i s t i n g  of  f i e ld -encoun te red  
v a r i a b l e s  is t h e  head ing  "maintenance-or iented charg-  
i n g  c o n d i t i o n s . "  Inc luded  i n  t h i s  c a t e g o r y  is im-  
proper  a i r  f low due  t o  such f a c t o r s  a s  d i r t y  conden- 
s e r ,  d i r t y  e v a p o r a t o r ,  d u c t  o r  plenum a i r  l e a k s .  
e v a p o r a t o r  s i z e ,  and open o r  c l o s e d  d i f f u s e r s  and 
g r i l l e s .  Each component w i l l  have its e f f e c t  on 
t h e  o v e r a l l  system performance,  and shou ld  be  com- 
pensated f o r  a n d / o r  c o r r e c t e d  d u r i n g  t h e  c h a r g i n g  
p rocess .  
THE EFFECT OF IMPROPER CHARGING 
---
Improper charg ing  can  b e s t  be  d e f i n e d  a s  e i t h e r  
a r e f r i g e r a n t  overcharge  o r  undercharge when compared 
w i t h  t h e  m a n u f a c t u r e r ' s  cha rg ing  s p e c i f i c a t i o n s ,  a t  
s t a n d a r d  A R I  r a t i n g  c o n d i t i o n s .  E i t h e r  c o n d i t i o n  
w i l l  have a  d e t r i m e n t a l  e f f e c t  on t h e  system,  bo th  
i n  terms of  equipment l i f e  expectancy a s  w e l l  a s  
o p e r a t i n g  e f f i c i e n c y  and economy. 
An undercharged c o n d i t i o n  w i l l  c r e a t e  abnormal ly  
h i g h  s u p e r h e a t  which h a s  a n  a d v e r s e  e f f e c t  on com- 
p r e s s o r  motor c 
w i l l  be  t h e  evt 
s u l a t i o n  w i t h  I 
I n  extreme cas t  
i n t e r n a l  motor 
s ind ing  coo l ing .  The l o n g  term e f f e c t  
r n t u a l  breakdown of  motor winding i n -  
I remature  compressor f a i l u r e  a s  a r e s u l t .  
?s, due t o  t h e  r e p e a t e d  opening of  t h e  
over load  p r o t e c t o r ,  a  much f a s t e r  
f a i l u r e  cot 
From 
t h a t  a  r e f 1  
c a p a c i t y  t c  
underchargf  
e f f e c t  due 
vapor .  A s  
t h e  vapor  c 
i n g  c a p a c i l  
less d e n s e  
demand of  1 
known r a t e  
A r e !  
expectancy 
l i q u i d  f l o i  
caused by i 
r a t i o s .  F: 
r e f  r i g e r a n l  
i n  t h e  pool 
s u r f  aces .  
r e t u r n  o f  : 
s u l t i n g  i n  
w i l l  r e s u l l  
g i n g  can  a 
motor cond: 
o f  t h e  ove. 
a  motor bu. 
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t h e  o p e r a t i o n a l  s t a n d p o i n t ,  i t  i s  c a l c u l a t e d  
r i g e r a n t  undercharge  w i l l  c a u s e  t h e  system 
d e c r e a s e  c o r r e s p o n d i n g  t o  t h e  amount o f  :. T h i s  is  caused by a  l o s s  of  r e f r i g e r a t i n g  
t o  i n c r e a s e d  s u p e r h e a t i n g  of  t h e  r e f r i g e r a n t  
t h e  s u p e r h e a t i n g  i n c r e a s e s  t h e  weight  of  
j e c r e a s e s ,  r e s u l t i n g  i n  a  l o s s  o f  r e f r i g e r a t -  
cy, ~ i n c e  t h e  compressor  is  now pumping a  
vapor .  It i s  expec ted  t h a t  t h e  e l e c t r i c a l  
the  compressor  w i l l  d e c r e a s e  b u t  a t  a n  un- 
o f  change. 
E r i g e t a n t  overcharge  can  reduce  t h e  l i f e  
of  a compressor  due  t o  t h e  e f f e c t s  of  
,dbac:k, s l u g g i n g ,  and motor o v e r h e a t i n g  
3bnormal h e a t  p r e s s u r e  a n d / o r  compression 
lood l~ack  is t h e  c o n t i n u o u s  r e t u r n  o f  " l i q u i d  
t" i n  t h e  s u c t i o n  l i n e  t o  t h e  compressor .  A 
E o f  f l o o d i n g  i s  o i l  d i l u t i o n  which r e s u l t s  
e  l u b r i c a t i o n  and o v e r h e a t i n g  of  b e a r i n g  
S lugg ing  c a n  be  d e f i n e d  a s  a n  o c c a s i o n a l  
liqufid r e f r i g e r a n t  t o  t h e  compressor  r e -  
h y d r a u l i c  compression which,  i f  ex t reme ,  
t  i n  broken components. F lood ing  and s l u g -  
l s o  c a u s e  motor o v e r h e a t i n g  from a locked 
i t i a n .  T h i s  r e s u l t s  i n  t h e  r e p e a t e d  t r i p p i n g  
r l o a d  p r o t e c t o r  which e v e n t u a l l y  l e a d s  t o  
m o u  : . 
e f f e c t  o f  o v e r c h a r g e  on sys tem o p e r a t i n g  
performance is  t h e  o p p o s i t e  of undercharge.  An i n -  
c r e a s e d  volume o f  r e f r i g e r a n t  w i l l  c a u s e  t h e  e v a p o r a t o r  
s u p e r h e a t  t o  d z c r e a s e  u n t i l  t h e  maximum r e f r i g e r a t i n g  
e f f e c t  is r e a c ~ e d .  S i n c e  t h e  we igh t  o f  t h e  r e f r i g e r a n t  
vapor  h a s  now i n c r e a s e d ,  t h e  compressor  w i l l  be  fo rced  
t o  pump a g a i n s t  a h i g h e r  head p r e s s u r e .  As l i q u i d  
backs up i n  t h e  sys tem,  e f f e c t i v e  condens ing  s u r f a c e  
a r e a  d e c r e a s e s  w i t h  a c o r r e s p o n d i n g  r i s e  i n  head 
p r e s s u r e .  An i n c r e a s e  i n  motor c u r r e n t  draw c a n  be  
a n t i c i p a t e d  a s  a  r e s u l t .  
TEST SET UP AND PROCEDURES 
----- 
To e x p e r i m e n t a l l y  d e t e r m i n e  t h e  eEEects of  t h e  
v i s u a l  accumulator-charger  d e v i c e ,  a s p l i t  h i g h  e f -  
f i c i e n c y  (9.0 SEER) a i r  c o n d i t i o n i n g  sys tem,  c o n s i s t i n g  
of e 1% t o n  condensing u n i t  and a 2 t o n  blower-evapor- 
a t o r ,  was i n s t a l l e d  w i t h  37 f e e t  of  i n t e r c o n n e c t i n g  
r e f r i g e r a n t  l i n e s .  A v a l v i n g  mani fo ld  was i n s t a l l e d  
t o  a l l o w  t h e  sys tem t o  be  t e s t e d  w i t h  o r  w i t h o u t  t h e  
dev ice .  (See F i g u r e  2.) The blower-evaporator  was 
l o c a t e d  i n  a n  "indoor" room w i t h  80°F DB/67OF WB 
e n t e r i n g  a i r  c o n d i t i o n s ,  w h i l e  t h e  condensing u n i t  
was l o c a t e d  i n  a n  "outdoor" room where t h e  ambient 
cou ld  b e  main ta ined  a t  70°F, 82"F, 95'F. o r  100°F. 
Temperature  m o n i t o r i n g  and r e c o r d i n g  were done 
by means of  c a p p e r - c o n s t a n t i n  thermocouples  i n t e r f a c e d  
w i t h  a  Hewlet t  Packard computer.  The computer was 
p r o g r a m e d  t o  c a l c u l a t e ,  based on  t h e  i n p u t  d a t a ,  t h e  
fo l lowing :  e n t h a l p y  d i f f e r e n c e ,  t o t a l  Btuh, s e n s i b l e  
Btuh, p e r c e n t  s e n s i b l e ,  and EER. I n  a d d i t i o n ,  t h e  
sys tem kW was moni tored and recorded .  A c o n s t a n t  
e v a p o r a t o r  blcwer  a i r f l o w  o f  725 cfm was used .  hav ing  
been c a l c u l a t e d  by t h e  h e a t  r i s e  method. Thermocouple 
e r r o r ,  based on c a l i b r a t i o n ,  was + 0.5OF on bo th  d r y  
b u l b  and wet b u l b  measurements.  
The a c t u a l  t e s t  p rocedure  began by f i r s t  e s t a b -  
l i s h i n g  a  s t a n d a r d  r e f e r e n c e  p o i n t  a t  A R I  d e s i g n  
r a t i n g  c o n d i t i o n s  (95OF DB o u t s i d e ,  80eF DB/67"F WB 
i n s i d e ) .  Performance d a t a  was c o l l e c t e d  a f t e r  hav ing  
charged t h e  system t o  t h e  manuEac tu re rqs  " f a c t o r y  
spec."  by t e s t :  method N5. The sys tem was t h e n  re- 
charged u t i l i a i n g  t h e  d e v i c e  and d a t a  recorded .  Sub- 
ESL-HH-84-08-07
Proceedings of the First Symposium on Improving Building Systems in Hot and Humid Climates, August 1984
sequent t e s t s  were then conducted a t  o u t s i d e  ambient 
temperatures  of 70°F. 82"F, and 100°F t o  determine t h e  
e f f e c t s  of t h e  d e v i c e  on system c a p a c i t y  and e f f i c i e n c y  
when compared t o  "s tandard" methods of charg ing  a t  t h e  
same r e s p e c t i v e  ambients. 
To determine t h e  e f f e c t s  of  a r e f r i g e r a n t  over-  
charge (23% by weight) on system c a p a c i t y  and e f f i c i e n -  
c: . .  cdmparative t e s t s  were run,  wi th  and without  t h e  
dev ice ,  a t  the  82°F and 95°F outdoor ambients. 
A t h i r d  s e r i e s  of  t e s t s  were conducted a t  t h e  
82°F and 95°F ou tdoor  ambients t o  de te rmine  t h e  e f f e c t s  
of a r e f r i g e r a n t  undercharge (23% by weight) a n  system 
c a p a c i t y  and e f f i c i e n c y .  Once a g a i n ,  d a t a  was col-  
l e c t e d  wi th  and wi thout  t h e  d e v i c e  i n  t h e  system. 
Sampling e r r o r  was maintained a t  t h e  minimum 
t e s t  condi t ion  t o l e r a n c e s  a s  allowed by t h e  ANSI/ASHRAE 
37-78 Standards (4 ) .  
EVALUATION 
The curves on F igure  3 ,  e n t i t l e d  "Charging 
A b i l i t y  of Visual  Accumulator-Charger Device Versus 
Charging t o  Manufacturer 's  Specs", r e p r e s e n t s  t h e  
charging a b i l i t y  of t h e  v i s u a l  accumulator-charger 
dev ice  over  a range of  o u t s i d e  ambient t empera tures  
when compared t o  t h e  charg ing  a b i l i t y  based on 
"manufacturer 's s p e c i f i c a t i o n s "  ( t e s t  method 65)  a t  
t h e  same r e s p e c t i v e  ambients. 
The manufac ture r ' s  l abora tory-der ived  charg ing  
specs  were used a s  a r e f e r e n c e  po in t  t o  e s t a b l i s h  
a norm r e p r e s e n t i n g  charg ing  a b i l i t y ,  o r  accuracy.  
S t a r t i n g  a t  t h e  100°F temperature c o n d i t i o n  
and working down t o  t h e  70°F temperature condi t ion .  
t h e  percentage d i f f e r e n c e s  i n  d a t a  p o i n t s ,  comparing 
both curves ,  were 0%. 1.2%. 0%. 2.1%. and 7.1% re-  
s p e c t i v e l y .  It should be  noted t h a t  t h e  comparat ive 
d a t a  p o i n t s  f a l l  w e l l  w i t h i n  t h e  range  of t h e  sampling 
e r r o r  boundaries  w i t h  t h e  excep t ion  of  t h e  p o i n t s  a t  
t h e  70°F outdoor ambienc. 
A t  t h e  70°F temperature c o n d i t i o n  a d e v i a t i o n  
from t e s t  procedure occur red ,  i n  t h a t  t h e  r e f e r e n c e  
charge was based on t h e  accumulator-charger device.  
Ins tead  of  recharg ing  t h e  system based on manufactur- 
er 's  s p e c i f i c a t i o n s ,  a s  had been done a t  t h e  o t h e r  
temperatures ,  t h e  v a l v e  manifold was changed t o  re-  
move t h e  accumulator-charger d e v i c e  from t h e  c i r c u i t .  
The r e s u l t  was a n  i n c r e a s e  i n  e f f i c i e n c y  (EER) s i n c e  
t h e  c a p a c i t y  increased  w h i l e  t h e  demand (kW) remained 
unchanged. An a n a l y s i s  of  t h e  d a t a  i n d i c a t e s  t h a t  
t h e  accumulator Feature of  t h e  d e v i c e  caused a s m a l l  
amount of  r e f r i g e r a n t  t o  be  s t o r e d  i n  t h e  system which. 
upon removal of t h e  r e s e r v o i r .  put  t h e  system i n  an 
overcharged condi t ion .  The a c t u a l  d a t a  i s  presen ted  
i n  t a b u l a r  Form: 
Head Suc t ion  Sa t .  Suct .  Suct ion Superheat  
Device Pressure  P r e s s u r e  Temp. Temp. Temp. 
Mode 
--
Lb. Lb. OF "F OF 
With 172 63.5 36.5 70 33.5 
Without 183 70.0 41.0 7 9 28.0 
The d a t a  confirmed t h e  r e s u l t s  of  what is  t o  
be  expected from a n  overcharged c o n d i t i o n .  T h i s  was 
i n d i c a t e d  by an i n c r e a s e  i n  head p r e s s u r e  and s u c t i o n  
p r e s s u r e  w i t h  a corresponding d e c r e a s e  i n  superhea t .  
A d u p l i c a t i o n  of t h e  s tandard  t e s t  procedure a t  t h e  
70°F c o n d i t i o n  would be expected t o  produce d a t a  with-  
i n  t h e  range of t h e  sampling e r r o r .  
F igure  4, e n t i t l e d  "Ef fec t  of  R e f r i g e r a n t  
Overcharge o r  Undercharge on System Performance Com- 
pared with Proper  Charge," compares t h e  e f f e c t s ,  on 
system c a p a c i t y  and demand (kW), of a 232 r e f r i g e r a n t  
overcharge o r  undercharge a g a i n s t  a proper  charge. 
The proper  charge s e t  of c u r v e s  have been d e r i v d  i r n m  
t h e  averag ing  of  t h e  d a t a  p o i n t s  a s  p resen ted  i n  r i> , ,n re  
3.  
A s  i l l u s t r a t e d  by t h e  c u r v e s ,  t h e  underch;lry,c 
c o n d i t i o n  a f f e c t s  t h e  system o p e r a t i n g  e f f i c i e n r g  and 
o p e r a t i n g  c o s t  by caus ing  a r a p i d  d e c l i n e  i n  t o t a l  
c a p a c i t y  a s  t h e  ou tdoor  ambient i n c r e a s e s ,  whi lc  a t  
t h e  same t ime t h e  e l e c t r i c a l  demand (kW) is i n c r c n s i n g  
a t  a s lower  r a t e .  The r e s u l t a n t  drop-off i n  system 
e f f i c i e n c y  (EER) is v e r y  pronounced. The 239: by weight  
undercharge changes t h e  EER from 8.31 t o  5.49 at 95'. 
T h i s  i s  a 52% i n c r e a s e  i n  o p e r a t i n g  c o s t .  A s  a r e s u l t ,  
f o r  t h i s  1% ton  u n i t ,  t h e  annua l  o p e r a t i n g  c o s t  can be 
expected t o  be i n c r e a s e d  by (1.23 kW x 1700 Hrs x $.07) 
= $133.63. I n  a d d i t i o n .  t h e  long  term e f f e c t  of  e l e -  
va ted  s u c t i o n  gas  t empera tures  caused by t h i s  under- 
charged c o n d i t i o n  w i l l  reduce t h e  l i f e  expectancy o f  
t h e  compressor. Some manufac ture rs  c la im t h i s  t o  be 
a s  much a s  50%. 
The r e s u l t s  of overcharge  on system performance, 
a s  shown by t h e  c u r v e s .  is a s l i g h t  i n c r e a s e  i n  capac- 
i t y  over  t h e  p roper  charge  b u t  a t  a h i g h e r  c o s t  i n  
terms of  e l e c t r i c a l  demand (kW). A s  t h e  ou tdoor  am- 
b i e n t  i n c r e a s e s ,  t h e  c a p a c i t y  and demand both approach 
a n  i n t e r s e c t i n g  p o i n t  wi th  t h e  proper  charge  curve.  
The 23% by weight  overcharge  changes t h e  EEK 
From 8.31 t o  8.35 a t  95". T h i s  i s  a 0.5% decrease  i n  
o p e r a t i n g  c o s t .  For t h i s  1$ t o n  u n i t  t h e  annua l  
o p e r a t i n g  c o s t  can be expected t o  be reduced by 
(.012 kW x 1700 Hrs x $.07) = $1.43. NOTE: The 
e s t i m a t e d  d o l l a r  v a l u e s  can  v a r y  w i t h  d i f f e r e n t  
weather  zones and u t i l i t i e s .  
The g r e a t e r  consequence o f  an overcharged system. 
a s  noted i n  F i g u r e  4 ,  i s  t h e  e f f e c t  o f  f looding .  A s  
t h e  ou tdoor  ambient i n c r e a s e s ,  t h e  r e f r i g e r a n t  f lood-  
back becomes more pronounced. The f loodback h a s  a 
two-fold n e g a t i v e  e f f e c t :  f i r s t ,  i t  causes  an i n c r e a s e  
i n  e l e c t r i c a l  c u r r e n t  draw s i n c e  t h e  compressor is  now 
pumping a g a i n s t  a h i g h e r  p r e s s u r e  d i f f e r e n t i a l ;  second, 
i t  d r a m a t i c a l l y  reduces t h e  l i f e  expectancy of  t h e  com- 
p r e s s o r  s i n c e  i t  was not  des igned  t o  pump l i q u i d  re -  
f r i g e r a n t .  
Although i t  i s  n o t  g r a p h i c a l l y  d i s p l a y e d ,  t h e  
t e c h n i c a l  a b i l i t y  r e q u i r e d  t o  a c c u r a t e l y  charge  a system 
by means of t h e  v i s u a l  accumulator-charger  d e v i c e  was 
determined by s u b j e c t i n g  a number of  i n d i v i d u a l s ,  w i t h  
d i f f e r e n t  l e v e l s  of  p r o f e s s i o n a l  a i r  c o n d i t i o n i n g  se rv-  
i c e  exper ience ,  t o  t h e  charg ing  procedure.  It was 
found t h a t .  r e g a r d l e s s  of  e x p e r i e n c e  l e v e l ,  t h e  i n d i -  
v i d u a l s  were a b l e  t o  c o r r e c t l y  charge  t h e  system each 
time. This  i s  n o t  t o  imply t h a t  any i n d i v i d u a l  o f f  t h e  
s t r e e t  can become a n  immediate e x p e r t  i n  system charg- 
i n g .  A b a s i c  unders tand ing  o f  r e f r i g e r a t i o n  theory  is  
e s s e n t i a l  from both t h e  s e r v i c e  and i n s t a l l a t i o n  s tand-  
p o i n t .  
It should  a l s o  be noted t h a t  t h e  f i n d i n g s  of 
t h i s  r e p o r t  v e r i f y  t h o s e  o b t a i n e d ,  on a p r e l i m i n a r y  
b a s i s ,  i n  a r e p o r t  i s sued  by an independent  t e s t i n g  
f a c i l i t y .  The p r e l i m i n a r y  t e s t i n g  was conducted on 
a very  l i m i t e d  b a s i s .  
CONCLUSION 
The v i s u a l  accumulator-charger  d e v i c e  proved t o  
be t h e  most p r a c t i c a l  a c c u r a t e  f i e l d  charg ing  technique  
f o r  s p l i t  system a f r  c o n d i t i o n e r s  u t i l i z i n g  c a p i l l a r y  
tube  o r  f i x e d - o r i f i c e  mete r ing .  T h i s  superhea t  charg- 
i n g  method was demonstrated t o  b e  c o n s i s t e n t l y  a c c u r a t e  
over  a t empera ture  range of  70°F - 10O0F. 
The charg ing  procedure allowed f o r  a n  e a s i l y  
l e a r n e d  s a f e  charg ing  technique  t h a t  w i l l  c o n s i s t e n t l y  
r e s u l t  i n  p roper  system charge  r e g a r d l e s s  of  t h e  range 
ESL-HH-84-08-07
Proceedings of the First Symposium on Improving Building Systems in Hot and Humid Climates, August 1984
nditions or expettise 
so prevented floodback to tne com- 
sult, will allow the installation 
condensing unit with an older mis- 
oil or a new evaporator coil with- 
ature compressor failure. 
ny recognized charging technique, 
isual accumulator-charger device 
the operating efEiciency of the 
emonstrated that the operating 
it was dramatically affected by 
ant charge from a 23% overcharge 
, An overcharge lowered the 
5% but increased the floodback 
harge increased the operating 
oss in cooling capacity which can 
t problems. 
its ability to assure a proper sys- 
ce benefits the end user in a number 
preventing an overcharged condition, 
expectancy of the system while at 
ng excessive demand. Second, by 
harged condition, it allows for 
lization while again extending the 
he system. 
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Figure 4 Effect of  Refrigerant Overcharge or Undercharge 
on System Performance Compared with Proper Charge 
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